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ABSTRACT 


The problem of translating and transeribaing (manu 
morse automatically had been considered as early as 1958. 
Phe “Gonsteuetaon, evaluation, and subsequent moditiecacezon 
or Dust swem a device 1S considered here: 

The nature of the problem is discussed including the 
basic detection problem encountered with manual morse. An 
Sxpkaincielron Of the theorysof operation of the device Bor 
Bovey hin a block diagramcoand a short description of seach 
Jovi ered.< The third section discusses the tests, evaluation 
Mic¢miedtitdecations ineluding operation in the minimum sig 
MV eeEomimoOLSsSe ratio and code speed tracking capabilrty. 
Areas for further development are next considered which 
tenWwae Aanwaltomattesmecalibration scheme and the use of 
Mecdomonly memories” (in the decoding section. The cConesue 
sions make up the last section which considers the erie] 


mivemess, “eosSts and limitations. 
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ing PNT RODUCT LON 


In recent years the cost of man power in the armed 
forces has increased at an unprecedented pace. At the 
same time there is much apprehension on the part of 
Congress and the people for appropriation of funds for 
larger defense budgets. The end result of these two 
forces is evident. There must be a cut in man power but 
the same level of effectiveness should be maintained. 
Devices and systems must be developed to fill the gap 
that the man power cut leaves. Automation of manual tasks 
seems a reasonable answer, 

The area dealt with here is communications and more 
specifically manual morse, There is still a large need 
for copying manual morse in the armed forces. The Cueremn ts 
memniod Lor Lranscribing this’ signal 1s still, by operatos 
at . Pit ne remexistied =a device that was ap beet Opes torm 
Eme Operation of the human operator, many detense dollars 
eeuld be saved in man power. i£It would not be necessary 
for the device to solve the entire manual morse problem 
but this should be the ultimate goal. If just some of 
the existing traffic could be handled by such a device, a 


proportional man power cut could be made. 
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Ae SENDING MORSE 

Along with the great strides made in communications 
in the recent years the technique for sending manual morse 
has also become more precise and automatic. The manual 
key was the first method for sending morse and was fol- 
lowed by the Semiautomatic bug. The electronve sever 
followed, whereby the code was punched on paper tape in 
the form of a series of holes. The tape was then fed 
Ehirough a Machine which translated the perforated @tape 
into the morse tones. The latest technique has been the 
keyboard sender where the paper tape has been eliminated. 
ihrem @pertatom merely types On alkeyboard and Ghewteones ane 


ailcEOomatically Sent. 


B. RECETVING MORSE 

There has been much less progress made in the field 
er Lecelving Ae morse. All technasque s apenas Ec 
recently have dealt with receiving machine sent morse. 
High speed machine sent morse can be made into an inked 
recording which is then reduced in speed and passed under 
appnoto cell]. The cell then reproduces the tone and an 
operator transcribes the message. With the advent of 
Magnetic tape the inked recording was replaced ypu 


operators were still needed to translate the morse signal. 





Ce AUTOMATIC TRANSLATING AND TRANSCRIBING OP sav AL Merce 

This conéept of opérator@imattended trans latanqmand 
eranscribing Of manual Morse is eis new one. In the 
Mate 1950's the Massachusetts Institute of Pechnolo@m used 
pmeaigital computer “to -accomplish the di fiweu lemta siamo. 
Fecognizing morse characters. The software program was 
called MAUDE for Morse Automatic Decoder. Essentially the 
Maude program assigned a number to each mark and space. A 
wmerding window algorithm was used to identify the dierter— 
Smite types (lengths) or marks and spaces. It also featured 
@meomatic tracking of hand sent morse in order that tchang-— 
ing sending speeds could be handled. With this simulation 
mwoem@oach a misinterpretatwongoccurred only once ah 10,000 
times. 

The Department of Defense in 1958 wrote a software 
program which translates and transcribes hand sent manual 
morse. This program assigns a binary digit and a number 
meomweach Mark indicating whether the key is down or up and 
how long the key We in thes position. 9 The length ofPeime 
the key 16 in a given position is determined by sampling. 
at aye ERE and «counting thesnumser Of Samples 
between changes in key position. The peoqseam, also Was eam 
Peomatiec tracking feature. The need for a digital come 


Buber was Still apparent. The computer has the abidiatyeee 


Selfridge and Neisser, Pattern Recognition, Seientriic 
AMenk ean ye August, »lLoGO. 





meceive a message, print 2t, automat weally Vaqdjustetous low 
or rapid changes in sending speed, indicate the points in 
Ehe text where the transcription technique was sco poor 
Maat it was necessary to resort to fractionation, and even 
2 
meep track Of the amount of sidle time between mecSagesc,. 
TE Should be evident from the two programs cited that the 
mogae necessary to perform the translating and transeriup— 


ing of manual morse is available. 


Di. tae BAsLC DETECTION PROBLEM 

Tr the senders of morse@were able to send accurawely 
pmemconsistently the problem of automatic translatiemy and 
maanmscribing would not exist. If the various mark and 
Space types were to remain uniform the detection problem 
would be greatly simplified Figure 1 illustrates the 
distribution of morse elements produced by a typical 
Mer ator.” The abscissa gives the range of mark or Space 
lengths and the ordinate represents the number of times 
they occurred. The values above the center line are for 
marks and the values below the center line represent 
spaces. Reading the gqraphgmeom left to right ‘the first 
cluster represents dots; the second represents dashes. 


Below the center linesthe first clustem represents element 


Blair, Charles@rR., ©n Conpultemmetnanseriptl on von 
Manual Morse, Journal of the Association for Computing 
iearchime ty, VOl. “O,amivo. 3, July 1959p. 140 . 


ond. peas 4. 
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spaces; the second is character spaces, Ene est ot wieine 
distribution spread Cut toet hema mirc presents word 
spaces. The inconsistency Of Chemilengtheo-wdots, sdacihesc: 
and the three types of Spaces is Seen as distributions. 

In the ideal case a dot would be of one unit length, a 
dash 3 unit lengths. An element Space would be one unit 
length, a character space 3 unit lengths and a word space 
would be 7 unit lengths. As can be seen from Figure 1 

the mark and space durations form distributions about each 
one of these. A convenient way of referring to the amount 
an operator deviates from the ideal is the concept of 
weronmecing. Ihe weight of Some parttcular code 2s deLsaned 
as dot length divided by dot length plus element space 
temoth.,. Perfect code has aPweight of S@%. Weights of 
greater than and less than 50% cause the distributions to 
Seecur . 

Amother prooplem in the detectEionmor Morse i1S8cHe 
variance in code speed (words per minute). An operator 
May vary his poced when sending different types of mes- 
Pigcceocahe Might Start out slow and imerease his speed 
when he Poeonimenes some rhythm. Any device used to 
translate and transcribe manual morse must have a provi- 
SvOn tor COping withryd@.steremt weight code and differing 


Speeds. 


LA 





SOS Uh egy THEORY -OF OF pi Ave Ol 


The Gbasic design of this device eonaveonatically 
translate and transcribe manual morse was that of VMG 
Blectronics of Phoenix, Arizona. Modifieations were meade 
and the system tested. The overall theory of (operation 
Will be given referring to Figure la. A more detailed 
explanation will follow. 

There are essentially two paths which the marks and 
Spaces can take. A decision is made as to whether a space 
or a mark 1S present. if a mark is “detected 1t proceeds 
Mmetche lower portion of Figure la. After the duratif¥on of 
the mark has been detected a decision iS made, based on 
the duration, whether a dot or a dash has been received. 
mae dot Or dash is then transferred €o its appropriate 
storage until a full character is assembled. When a 
emaracter has been completed it is placed in a character 
emorage where it is held until it cam be Gdeeoded and 
perneed Out ; 

If a space is detected it will move along the upper 
mertion of Figure la. The duration of a space is measured 
in the same manner as a mark but is‘done by a separate 
mmece Of Circuitry.  =Dhe beginning Of a space is Signaved 
iy the end of a mark and Similarly the beginning Of agnar: 
iS signaled by the end Ofma space. A decision is made, 


based on the duration of the space, whether an element, 
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eNnaractér OY word space Nas. been scetcecrcue The ae tecr aan 
of an element space transfers the dots and dashes into 
their respective storage. The detection Of a@ebasacrte. 
Space COnerols the transfer of the complered charger. 

From theedot Gash storage into the character storage. 

The reco@nmtion of a word space performs the same action 
aoa Character sSspacenp lusmrendlicating tO Ehe yori ntmeue 
devicegto increment one space without printing agenawacecr. 
A more detailed block diagram with all the individual 
blocks is sh@wr@in@Pigure 2. 

The audio OUEpUtLwrvomeche recetverwis >Drougnemimto, the 
tone decoder where the cw Signal is transformed into dc 
mevels whieh tollow themoraginal keying charactemwmsrics. 
me OutCpurt Of the tone @Gecoder is fed anto the marke syn— 
@nronizer where the mark &s synchronized with the internal 
crock . Tie mark Starts amd stoesethe mark dumation counter 
munch Segquctwemen the duratuommotweme Mark. Essentially this 
Seunter performs a digital integration of the mark. At tie 
end of the mark the dot dash decode decides whether the 
mark 1S “amdot or a dash. The decision is then stored in 
eae dot or dash multiplexer and the counter is reset. ~Saen 
dot or dash is shifted into its respective register until 
the entire character has been received. Then al tie 
eharacter elements are ave@wlabie Mer translation. 

At the end of a mark the spaeeedckector Starts Elie 
Spacewauration counter. The counter stops upon the recemen 


©f the next Mark Or Until te becomes Eull. A cOUnt Of Gne 
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to twelve in the space duration counter is detectedeas a 
dot. A count of thitteen Or over 1s detected as asdacn 

A space count of one to twelve is detected as an element 
Space, thirteen to thirty as a Character "space and sei, 
Gm Over aS a word space. If an element space is detected 
ime mark duration counter again counts clock pullseeuand 

ele Space duration counter 1S weset. Lf a character 

space is detected the timing control generates a pulse 
which transfers the elements being held in the multiplexers 
mieo tne character holding seqisteryvia the characters aeanc. 
mer Logic. The multiplexers are then reset for the receipt 
Sethe next character. If a word space is detected the 
Space duration counter is reset as with the receipt of a 
emaracter space. From thism@peine the character holding 
register supplies the LED display ana the decoding portiaemn 


emo the device, 


Ae TONE DECODER. CikGw ir 

The tone de@eder crrewit PsVene of “the modifications 
eimai wes Mentdi@med Carrier . Gethnismeircia 15° eSsicmin aly 
eme Signetres 56/7 Tone Decoder inteégrated circuit with ats 
MecOMpanying External Componentes .« The tone decoder re- 
ceives the audio output from the receiver and transforms 
it into +9 volts signal absent and O volts signal present. 
Gt sSs a S1mple matter “to invert this output to intesiaesc 
With the, logic circuitry. The effectiveness of thesr-ome 


g@ecoder will be discussed later. The frequency that Ene 


17 





decoder responds to is ‘controlled by thesvariablen 


resistor shown in Figure 3. 


Ics MARK SYNCHRONIZER AND MARK DURATION COUNTER 

The mark synchronizer synchronizes the mark with the 
mmecernal Glock. has 1S necessary CoO acisu ree sme mee cr: 
erming relationships within the west of the civeuet ee 
ioemade Up of one £lipflop with thew mark connectcdmte 
wie ww Input and mark inverse connected topthe Kk ampae. 
When the mark occurs at the next clock pulse a high oc- 
Curemat the One Output Of the sflipitlop which is tiMemsyvn— 
emoni Zed mark . 

The mark duration cCoumter is -snown an Figure 42 te 
momae4 bit binary counter. Mien the Syme mark Gocs ypoca— 
pve Che counter counts up. Whenm@end if the counter 
reaches a count of thirteen the counter freezes at 
Bherteen. The counter 1s reset when the decision is made 
whether a dot or a dash has been received. As stated 
previously a count of one to twelve is a dot and thirteen 
and over is a dash. Since the count indicates either a 


moter or a dash One iS the inverse of the other. 


om DOT/DASH MULTIPLEXERS 

When a dot or a dash decision has been made this de- 
cision must be stored somewhere until all the elements 
awe collected to form @ character. This is “the 1 uejemem 
of the dot/dash multiplexers. Each multiplexer is a5 


Pitesmitt reqister as Shown in Figure 5. Up to five 
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elements can be shifttedwinto seach one tf avcharacter 
should consist of more Gehan five the fist element which 
now. .residées win TSVor HS s2ee8shitted, ouce The sixth element 
1s shifted into Tl or Hl. The special symbols which are 
truncated in this manner are still uniquely determined. 
Notice here that there are three states to be represented. 
There is either a dot or a dash or neither. If both i 
and Hl for example contain a zero a null state resides in 
stage one. If there is a one in Hl anda zero in Tl a 
dash is present in Stage one. IE a Onewin Tl andwawzewe 


in Hl then a dot is stored in stage one. 


D. CHARACTER TRANSFPERSECGIC ANDMIIOLDING REGISTER 

There are five stages to the transfer logic and hold- 
ing register corresponding to the 5 stages in the dot dash 
multiplexers. The first stage is shown in Figure 6. fThe 
other four stages are identical to this one. Each stage 
of the holding register is a latch which folds the element 
Bao Ticmparticular Stagemor the multipmegers. |e Wien sa 
character space is detected a pulse is generated which 
sends the multiplexer elements into the holding register. 
Mhe multiplexers are thengcleared to be ready t0 a@ecept a 
new character. The holding register retains the character 
Diti#@imineecan De transtatedesand pigimteds out. Lf “iitware 
positive at the time the character transfer pulse 1s pres- 
Ene) wWivesset dot L output goes negative latching @emmcmoae 
i state in the Helding register. The dot 1 statvem@eces 


positive while the dash 1 and null 1 state goes negative. 
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EB. SPACE SDE EeTer 

The space detectorme shown in Figure .7,° 2s 94a sang. 
flip-flop which is setwat the beqinning cl Cach scene 
in-between marks and reset at the beginning of the next 
mack if it.occurs before a word space 15 detected. Lt not, 
menis reset upon the receipt of a word space. The flip- 
mlom iS initially day the reset condition, If the mank 
@uration counter has any count above zero the output of 
mime Gate labeled “any mark count’ is positive. At the end 
G@tiethe mark Signal Sync mark goes positive enabling the 
set side of the flip-flop. On the next clock pulse the 
flip-flop is set. The flip-flop will remain in the set 
Semaition Signifying a space Until the output of the gate 
connected to the K side of the flip-flop goes positive. 
ies Occurs Gither when a syne mark or a word Space occurs. 
The flip-flop is reset on the next clock pulse and hence 


the end of the space. 


IF. [PAC DURATION COUNTER ANB? SPACE DECODER 

mhe Spacemdauration counter isa five bit binary 
eainter. it eeounts ducing thestimemthe space detector is 
moe the set condition. The counter is reset upon the receipe 
Sena mark Or a word space. AS shewn@in Figure 8 the 
character and word space decoders are gates G4 and G5 res- 
mBectively. @ilemindication of “a Character Teac is sent to 
fae timing control where a character transfer pulse 2s 
formed. The indication of a word space also generates a 


Cmaracter= transter pulse. 
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G. AUTOMATIC RATE CONTROL 

In a previous pawagraph the two problems injdetecirna 
manual morse were the difference in weights and the chang-~ 
ing speed of the sender. The automatic rate control 
attempts to solve the latter of these two problems. 
Essentially the automatic rate control is composed of an 
Mrpaown Lour bit binary counter and a dot error cireouleeae 
elgeowh in Figures 9 and 10. The principle of operation as 
beaseaG On ideal dot dength of six clock pulses. Earlier it 
was mentioned a dot could range between one and twelve 
@eunts. AS Can be seen in Figure 9 the dot error circuit 
produces a pulse if the count is under six or above seven 
Mae ne mark duration counter. The pulse is only produced 
when a dot is detected. If the count is less than six the 
counter will count lp One and 1f on the nexmeyadot Gene Colm. 
Moestil] less than six it will count up one more and so on 
eetl the ideal count of six is again reached. The same 
procedure takes place if the count is above seven except 
the counter will count down uptil the ideal count is reached, 
Mie"outputs Of the automatic Yate control become the inputs 
to the magne clock? in this way the necessary feed-back as 


accomplished in order to cope with the varying sending speed. 


H. MASTER CLOCK 
The master clockweireecuit Wrigure 11) contains four 
PransSisStOr SwWwitchesmiumese basesmome connected to the tems 


Flip-flops of the automatic rate control. The collectors 
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of these transistors have resistors which are graduated in 
pebinary fashion. The master clock alse containewamecG 
Punectlon generator whieh 1S ea voltage Controlled oscil) la— 
tor having a Square wave output. The frequency of the 566 
mc voltage controlled over a ten to onew™firequwency range. 
The voltage control is determined by the variable resistor 
marked FINE and the four resistors. The basic frequency of 
the 566 is determined by the variable resistor marked 
RANGE. The monieseieab leg] tivabratorme(/ 4123) sewseused te 
create a one microsecond pulse from the Square wave output 
Semmene 566. By turning@on and Off the transistors differ-— 
mmemresistors are switched into the circuit thereby con- 


meolling the voltage to the 566, 


1 TRANSLATOR AND PRINTOUT DinvyiCcE 

mee translator used inthe original design, 1S a diode 
matrix which compares the desired morse character with 
memeat Of the corresponding letter on a print wheel. The 
eernte out device used ima papez eS baa pmepmimeer, § Lhe trans— 
Maeor and associated. circuitry for the print out device was 
nec me acevucred because it was felt a more efficient method 
could be used. This method will be discussed in a later 


Section. 
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IV. TE SA Das iin, AeA ON 


A. TONE. DEC@GDER 

Me statea Garlier the tomew@ececderwwasmusces to trans- 
merm the cw signal into dc logic levels. iiemm=one decoder 
mess a bandwidth lock-up time restriction. As the bandwidth 
is reduced the number of cycles received before the output 
changes is increased. The tone decoder determines the sig- 
mai tO noise ratio in which the entire device will operate 
dictating a narrow bandwidth. The device must also operate 
at relatively high code speeds necessitating a minimum 
mMumber of cycles before an output. A test was set up to 
mix noise and signal and determine what the minimum signal 
Lo noise ratio could be with a minimum lock up time and 
feeetmum bandwidth. The results can be seen in Figures 12 
mets. The top trace in Figure 12 represents the 1000 HZ 
tone as recorded on a cassett tape. Tiewmtemse in this 
case is just the tape Mmolse. The lower is the output of 
the tone decoder which is the zero level. The positive 
level was left CMiwin Order een cl yom netaitama picture of 
dots and dashes, fnebrgune, Ss)  heowevem,mewinimte noise from 
meee tO, ll KiZewas Mixed wrth the siqnmameuntsi the tone de- 
eeacer began tO register false outputs. aes time the 
amount of noise was reduced until these false outputs dis- 


appeared. AS seen in Figure 13 the Signal to noise spate 
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is quitegsmall. A picture Mmethis case was Wsed ito de— 
scribe signal to noise ratio since there are various ways 
in which it can be defined. The decoder does have a 
imitation of a MmMinamum detectable signal Gl appreoximate— 


imaecOO millavolts at ethics input cf the tone decoder, 


i, Me PU CODE el it.s io 

The LED display was used to determine whether the morse 
emaracterS were detected correctly. An insufficient amount 
Sletime prohibited full development and construction of 
the decoder and interface with the print-out device. The 
memo ray COnSIStS Of fave Groups of three LEDS cach. One 
group represents one element of a five element or less 
emaracter. A dot is displayed if the center LED 1s on in 
megEeoup. A dash is Pee ae when all three LEDS are on 
mmemrmetther a dot or a dash 1S given when none of the LEDs 
are on. Tie “Gharacter ts read fTrom Vert to ri git eas tne 
dot dash tones were heard the cect 7 eee was noted 
woeene LED display. Aural to visual correlation ability 
limited test code speeds to about nineteen words per minute. 

The first test was made with a signal of the quality 
Siew in Figure 12 along with a constant code speed of 
twelve and nineteen words per minute. The tape was run for 
approximately six minutes for each code speed and no errors 
mere detected. 

The next logical step was to test its ability to tmae 


varying code speeds. A hand keyed test tape was made with 


35 








code varying in speed from ten to twenty words per minute. 
It was found if the device was: calibrated on fifteen wpm 
zt could not track to” the extreme ranges. Consequently 
the values of resistances in the master clock switches 
were changea to allow a larger variatwon inVeontrol voltage 
After this change was made the same test tape was played 
mor f£ifteen minutes without error. Duringe the “testeene 
master clock was monitored and could be seen to change in 
increments as the up/down counter in the automatic rate con- 
fArol adjwsted to an ideal dot count of six. When the 
device is calibrated the up/down counter is set to binary 
maht and tite clock 1S adjusted until the dot indicator 
ight begins to flash. Then@the switch is put inthe wun 
Pesition tosbegin automatic@tracking. It was found when 
the up/down counter was set to binary eight;ethe cloek was 
Gumethe mid pleint of its range; his was probably due to 
mesistance tolerances. itmeorder@ror thepoclocketombe ar 
[Mes Mid range when in the calibrate position the counter 
mead tO be set to binary five. The system would then track 
from thirteen wpm to twenty-Seven wpm when calibrated at 
twenty wpm. Most manual morse is sent in this range. Lt 
should be noted that the varying speed test tape had code 
moecd changes whieh were Gulte rapid, approximately Ehnree 
Morlive wpm in four “characters. 

Another test was conducted to find out how the devuce 
Peected to abrupt changes in code speed. The machine was 


Galibrated at nineteen wpm; then it was switched into the 
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run position and the code speed changed to twelve wpm. 
This was also done changing from twelve to nineteen wpm. 
The machine missed on the average of about four characters. 
Manis was expected due to the fact that the automatic rate 
control only compensates one step at a time and only on 
Gees. The “catch up time" is dependent on how many dots 
are received after the change in speed is made and how 
large the change is. There might be two ways to speed up 
the "catch up time". The first by incrementing on dash 
Saerors aS well as dot error. The second bywidetec tigen. 
emmy whether the received dot or dash is longer or shorter 
mdb y what amount and correcting the counter accordingly. 
It is felt that at most one character would be missed when 
changing speeds instantaneously. 

These tests would indicate that given a proper signal 
level and signal to noise ratio that this device could 
meatorm a considerable amount of morse translating done by 


Seerators in the field today. 
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ve AREAS FOR FURTHER DEVELOPMENT 


A. bECODING ANDSERING Owl €ClLRCULTRY 

As mentioned ina previous section the baSic design 
used a diode matrix composed of approximately seven hun- 
dred diodes as the decoder. The print out device was a 
paper strip printer. With the advent of integrated cir- 
GCuits the diode matrix could be replaced with a Read Only 
Memory. The print out device could be a teletype terminal 
© alpha-numeric display. The block diagram of such a 
system 1s shown in Figure 14. The ROMs could be 8223 
field programmable ROMs. These ROMS have a five bit ad- 
dress with thirty-two words of 8 bits. One would be 
needed to decode the letters and the other to decode the 
numbers and special symbols. There are ten outputs from 
the character holding register so a scheme must be devised 
memredauce these ten bits into Eive bits for the ROMs. 
The coding has been worked out and is shown in Table I. 
Banc ¢ the first two bits are either 00 for letters and Ol 
mee lLO £Lor numbers they can indicate which ROM is to be 
used. LRe Next Six DiS vare =reaucea to ftomr by some coem- 
Pemational logic whose min terms ave shown on Table I. 
mac last two bits are either 10 or O02) so the last Dit wean 


be dropped for letters. For numbers use the odd number 


birces . 
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0000000110 
0010010101 
0010011001 
0000100101 
OOO00000001 
0001011001 
0000101001 
0001010101 
OOOO000101 
0001101010 
0000100110 
0001100101 
0000001010 
0000001001 
0000101010 
0001101001 
0010100110 
0000011001 
0000010101 
OOO0000010 
0000010110 
0001010110 
0000011010 
0010010110 
SOTOOLIOLO 
0010100101 
1010101010 
0110101010 
01701101010 
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1010100101 
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00000 
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JO AML 
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1000001 
0100001 
1100001 
0010001 
1010001 
OLLOGO! 
LEECOO 
0001001 
TOGLOGL 
0101001 
IOTOCI 
0011001 
1OTTOOL 
0111001 
1111001 
0000101 
1000101 
0100101 
ILOOLOL: 
0010101 
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Since the rate at which a teletypteprints out antenna 
tion 1S constant and the rate at which Morse eharactanr. 
are received is erratic a buffer must be inserted between 
the two devices, Again integrated circuitry solves scene 
joo lem. 

There 1S cuxrently available a MOS device called a 
fies t Im Farst Out Boffer (FIFO). The device gS tou beaseG 
Meng and can hold up to sixty—=fouxr words. Two of these 
devices would be needed in Caeeanen to handle the eight 
Prt wee li, The FIFO would be located as shown In Faqures.. 
The output of the FIFO could then be made available to a 


melbetype terminal or alphanumeric display. 


B. AUTOMATIC RECALIBRATION 

As mentioned previously the machine must be calibrated 
Memore 1€ 1S Switched into its automatic track mode. ag 
the code speed should vary out of its tracking range the 
machine must be recalibrated by the operator. There are 
iaroetor lightemwhich tellgsthe operatomithetme, recalibra- 
iron 1S nae sean It might be advantageous to eliminate 
mirowoperator function and possibly the operator. 

BSsentially a recalibration consists of moving he 
Bange Of the master clock anto an area where it can began 
Em@acking again.) Tne beso frequency of the 566 funerren 
generator is controlled by a resistor capacitor egmbuna— 
ELON. Amer. Cxiibits thesproperties of a voltage eel. 
evolled resistanee with a very high input impedance. = sae 


GoeeeevOltage Controls the drain to source resistance: 
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The circuit design is fairly Simple; see Fi guceoe 
The input will be the output of the tone decoder where 
Signal present represents a zero level. The tone decoder 
SUEDE JIS then integrated Starting at 4.3 Volw@s Atwtine 
pan Or a mark the 2N708 as tummed@on, returnrpa the output 
Mmmene Integrator to zero. The highest valuemet thevin— 
meqratea voltage 1S held by the 2Ulf capacitor. The volt= 
age will leak off extremely slowly due to the almost 
Prt ce input impedance of the FET. The FERS drain and 
Beurce replace those of the resistancegin the S66 circuit. 
The correct slope as well as the correct voltage levels 
Were determined from Figures 16 and 17. From Figure 16 
memcan be seen that the dash lengths vary from one hundred 
to four hundred twenty msec Riot thirty to ten wpm respec- 
tively. From Figure 17 itt PSeynoted that for Minis range@on 
code speeds the gate voltage on the FET must vary between 
meoand 4./ volts. Simple geometry wndicatas tual tie 
pieeet Of Integqration must occur at 4.3 volts. 

A very high iui@edance switch must be connected to the 
wie capacitor to discharge it when a new calibration 1s 


necessary. 
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Vi. CONCLUSIONS 


A. LIMITATIONS 

This device will solve many of the problems of the 
meomatic translating and transcribing of manual morse. 
It has a small limitation as to the range it will auto- 
IMetically tee variations in sending speed, Thelmachimne 
will miss several characters when the code speed changes 
instantaneously. Tf there are two signals in the pass 
band of the tone decoder and both exceed the minimum de- 
tectable signal then the machine will be unable to dis- 
tinguish between the two. mE the transmitter Gritts sour 
of the pass band of the tone decoder it will have to be 


retuned, 


B. GOoT 

inthe Construction of the machine up to the LEpeaice 
miay the cost was relatively low. EN@s tOtadl COS. cee 
estimated to be Ae nan eey SUO0,00. This tneludeq mene 
Bact eansictOns,eresictors, 7 pbimted Ccircult boaucdar 


Z20 LEDS. 


Cy SUMMATION 
At werst the Machine could take the place of Cpemakeame 
which are no longer present. Tt 2s also felt that 


machine could assume the duties of very routine traffic 
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such as machine sent morse. It could also take Gene pe lac 
of several operators translating hand sent morse and free 
mhnem to take care of traffic where the machine is) Janatece 

Weeh the state of the art of integrated ter cudeo ont 
me wholk Category this device could be made very small and 
err icient. 

Ween refinement this machine could be the first step 
to filling the gap between the manpower shortage and main- 


taining of the effectiveness of operations. 
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